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I-J ABSTRACT 

A process far ~qxu-ing immmtium dinitrami& by: 
(1) nitrating either ethyl carbaa#e ur methyl rxhamatc 

to form the carrespondiug mononiw compound, 
ethyl N-aiwEarbamz.te or methyl N-nia=arbamare; 

(2) ies~ting the N-nitrocarbamek wiih amlD.onia under 
aJ.lhydrous canditioIls to product tile axICsponding 
ammonium salt ammonium ethyl N-niuocarbw or 
aromonium methyl N-*car-e; 

(3) nitrating the ammonium salt and tbeq ueating the 
mcfion Itlixw with ammonia r.0 produce ammonium 
azli&addc. ammonium ~&ate. and rcgcncmte tie 
rnigind rthyl carhama~ QT m&y1 carbamate am- 
pound. 

SClaims,NoDrawHgs 
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P 1 
PROCESS FOR PREPARING AMMONIUM 

DINITRAMIDE 

BACXGROUND OF THE IWJ3NTTON 

This invention relares co enagctic mupbunds and more 5 
particukrly to cncrgetk inorganic nitfo compounds. 

Amrn~uiuu dinitmmide (ADN) was f&t synthesized by 
R. J. Sctuaitt and J. C. Dot&so of SRI Intcraarioual. Lara 
ADN was prepared by the llirration of ammonia with F&O,, 
NO$3FL. and (N02)HS,q. All these methods suffer from 
low yields and rcquirc costly rim consuming pur&adon 
steps. 

SUMMART OF THE JibWNlWN 
AQ object of this invention is to povicls a new method of 

pducing ammonium Uinitramide. 
An&ha object of tfiis invention is to provide a method of 

producing ammonium dinittamide in greater yicId than in 
pwous KQdhbds. 

A further object of this invention is te provide a Iess 
rxpcasivc method of producing ammonium dinittarnido. 

Y&aaotbes object of this iavcntion is to provide amcrhod 
of psaiuciQg Mlmonium lihlhmide wicb an eilsier purift- 
cadon method. 

These and other objcotivcs of this invam~n are accom- 
plishcd by previdlng 

a process fat ~xoduciag ammonium did3hiac oompris- 
ing the fdhving steps in order: 

(1) nitrating a compound of the formula Z-NH, to form 
a cvmpound of the formula %WD’JOa; 

(2) reacting rhc cqund Z-NRNOa w& ammonia 
under anhydrous conditions to pducc a sak of the formula 
Z-NNO,TrH,+; 

(3) ttcaciug the salt Z-NNO,TEI,+ With a nitrating 
agcnf and thca with ammonia to produce ammonium 
diniframide. ammonium nilrate. and rcgencrate the cam- 
poun4 z-N-&. ad 

(4) isolating the product ammonium diaiU@cfe; 
whcrcin 2 is -COOCH$!H~. or -COOCH,. 

DETAILED DEWRE’IION OFTHE 
PlumxRmEMBODJMENr 

The process of this invention produces ammonium dinit- 
ramidc by using 8 substrate compound that functions as a 
‘$rorcztcd form of ammonia. It allows for intraiuctiou of two 
nib;0 groups on rhe ammonia nh-ogen (in high yield) fol- 
low& by treatment with ammonia to give ammoaium 
dinihtidc. ammonium ninate. and regentrated cxartlug 
CQmpaund. 

The substrate compound may be tcpresentcd by tbc 
fomuila Z--N’& whcreiu 2 is preferably -COOcEI,CI$+, 
ac -COOCH,. and most preferably --COOCH,CII,. Spc- 
tically the substrate compound is ethyl cub-b, 
CEI~CH,OOCNHP or methyl carbate, CX%,OOcNK,. 
‘Ihe process can be sunun&,zed by the following tqUatiOnS 
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IQ the first btcp of the process (see equation I above). the 

SubstrpEe CQ~~OUMI Z---NH, is uiuated in solurion to form 
the compound of the formula Z-NHNO, wherein 2 is as 
deftned above. Spc&kaUy+ ethyl carbamatc or methyl oar- 
barnate is dtxatcd to fmn the aonespondhg mononitrate 
compound: ethyl N-nittocarbaxnatc. CH,~OO~O,. 
or methyl N-nirrocatbama~ CH,00CNHN02. rcspcc- 
tively; One Oquivalcut of nitratiug agent per mole of sub 
str8tc compound is used. The nitration agcnc is scktcd to 
preferentiaIly produce the mononitro compoun4 The most 
preferred nitrating agent for this monenitration step is xctyl 
nitzatc. Bcausc acctyl rdtratc is cormsivc. cxplosivc, aad 
~nsrable in the p~ro fcnm, aatyl nitrate is prepared and used 
in situ. 2%~ Meml hfez warns that “acetyl nitrate will 
always explode when heat& suddenly over 60” C.’ 771~ 
fore cooling is used dtning the it&al f-on of acctyl 
nitrate and during the inidal reaction stage of acctyl &rzuc 
with tic substrate to prevent overheatiug. AS illustrated in 
example 1. the acctyl uitzaro may be producrd by slowly 
adding fumipg nittie acid to cwcss acetic anhy#ri& with 
cooling to prevent ovczhcatlng (tmt+raturo lo0 C. or 1~). 
The reaction is ~(C~COO),ot~03~~~~ONO~ 
CEI$OOH. The resulting prodder is tbc acctyl nitratc in a 
solvent mixbm d the acetic acid bypducr and rhe excess 
acetic anhydride rcmahhg after rhe nacrion. 

III this tit piroczss step each mole of subsoau compound 
(ethyl oartite QI methyl cerbamate) ie:Bc6 with one 
equivaknt of nitrating agenr (e.g.. acctyl nitrate) to fora the 
N-nhm derivative. When ac+tl nilratc is the nitrating aget& 
additional acetic acid will be formed as a byproduct (see 
equalion cn,. 

TIC N-Q&O product is then isolated and put+fie& When 
acctyl r.dMc is used, the voIatiJcs. aa&c acid and acetic 
anhydride, arc distilled off. leaving the solid 
w3mcarbamatc product. Z-NHNO,. ‘Ibis can be p&cd 
by tinusrios with CQ, (a~ 6howf1 in mplc 1) to bbtain 

rijpr~usly pure mat&al. or the product can be allowal to 
shy tho~~ughIy and convected to its salt cikccrly. 

III the second step of rbe process (see equation (II) above). 
tht’N-nioo compound. %MENo,. is rcackd with anby- 
drous NH, to form the ammonium salt of the formula 
Z-NN02-NH,$+r wherdn 2 is as defined above. , 
Specifically, ethy1 N-nitrocarbamatc or methyl 
N-Mamare is treated with anhyUmus ammonia KO 
form the corresponding ammonium salt; ammonium ethyl 
N-nirroabamm (~~OOCN-NO,'NH,+) or ammc- 
nium methyl N-nitrocarbamatc (CH@CXNNOaWH~+). 
~cspaxively.Then~ace~~danrmo~~M.~~sdt isarrame 
aium ethyl N-nitrocarbamam. The ammonium salt is prc- 
pared by adding dty ammonia gas [O an a~I~ydrous solution 
of the e&y1 or methyl N-a&xarbamatc armpound under an 
inert atmosphere (dry nitrogen. argon. hclicun. ctr.) with 
Cooling tb maintain the reaction rc&ture taapmture ptf- 
crably below 25” and more preferably below ZOO C. In the 
prefurcd SOfVCQt Oc SOh'cQt hXtUre. Lhe &)'I Ot 13kXhyl 
N-nitrocarbamte compound rtiu be soluble. but the ammo- 
nium sdt product will be insoluble. For instance. in example 
2, dhyl N-Jlitrogrbamate is dksalvcd ia aa approximately 
21 (by vobimc) solvent mixmre of dry CH,a, and dty 
C&OH. When dq ammmia gas is bubbled into the 
st$udon, the produet amm~aitun ethyl N-nittocarbemate 
precipitates out. Chbofum (CHCI,) may be used in place 
of methylcae chloride (CH,CLJ; howcw, inethylene &lo- 
ride is the mwt pr&e ch&ohydrocarbon solvent for this 
step. Similarly. cthaaol may be used in place of methanol; 
however, methanol is the most prcfkrrcd alcohol for this 
step. 

In the third step of the process (see equation IJl) the 
ammonium N-nitiocarbamate salt. z-NNO,-NH.+. is 
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nitrntcd to form a proposed intcrmediaic compound XdSi\;- 
diniirocarbamats Z-S($O1)2. The intermcdiatc compound 
hnr not been isolated or unequivically identified. 
Specifically. (I) ammonium ethyl N-nitrocnrbamate salt. 
CtI.,C~r~00Clc’NO,-~~l~-. . 1s nitrated to form the proposed 
intermzdints ethyl N.N-dinitrocnrbamnts. CH,CII,OOCNS 
(SO,),. or (2) ammonium methyl N-nitrocarbnmate salt. 
CH.,OOCl~~O,-Ntr,‘. is nitrated to form the proposed 
intermediate methyl N.K-dinitrocarbamate. CII,OOCN 
(SO,),. Thz amnmoniunl N-nitrocarbamnte salt Z-NXO,- 
NH,‘. is suspended in CH,CI, or CHCI,. with CH,CI, being 
more preferred. and then nitrated at a temperature of pref- 
erably less than -35” C. under an inert atmosphere (nitrogen. 
argon. helium. neon. etc.) to produce the proposed N.N- 
dinitrocarb,amate Z-K(N02)2. The IOU end of the reaction 
temperature range is not critical. but the upper end of the 
range is limited by the limited stabilir)’ of the intermediate 
product. Suitable nitration agents include preferably nitro- 
gzn pcntoxidz or nitronium tctrafluoroborate. with nitrogen 
pentoxide being preferred. This procedure is illustrated by 
example 4. 

In the fourth process stzp. the intsrmzdinte N.K- 
dinitrocnrbamate is reacted with ammonia to produce (1) the 
desired nnmonium dinitramide product, (2) ammonium 
nitrate as a useful byproduct. and (3) the regenerated sub- 
stratc’ compound Z--h‘H,.This can be conveniently done by 
bubbling ammonia into the solution produced by the nitra- 
tion reaction in step 3. The ammonium dinitramide and 
anmmonium nitrate will be present as a solid precipitate 
mixture which can bz filtered off leaving a solution which 

k- contains the rzgensrated substrate compound. The solvent 
can be evaporated leaving the substrate compound Z-NH, 
which can be reused. By using an appropriate solvent (such 
as CH,C=N)the ammonium dinitramidz can be separated 
from the ammonium nitrate as illustrated by example 4. 

The general nature of the invention having been set forth. 
the following examples arc presented as specific illustrations 
thereof. It will be understood that the invention is not limited 
to these specific examples but is susceptible to VENOUS 
modifications that will be recognized by one of ordinary 
skill in the art. 

EXAMPLE 1 

Prep‘uation of ethyl N-nitrocarbnmate 

Fuming nitric acid (389.3 g. 5.56 mol. 90%) was added 
dropivise to rapidly stirred acetic anhydride (1135.2 g. 11.12 
mol) at O5 C. under N2 vhe HN03 addition rate was 
controlled so as not to exceed a reaction temperature of 6” 
C.). After the acid addition was complete, the reaction 
solution was warmed to 2j5 C. (over 1.5 minutes) and was 
allo\ved to stir at 25’ C. for 30 minutss. The solution was 
then cooled to 0” C. and solid ethyl carbamate (500 g. 5.56 
mol. 99%) was added (in portions) over 70 minutes. so as 
not to exceed a reaction temperature of 10’ C. After the ethyl 
carba;nate addition was complete. the solution was atlowed 
to stir at 0’ C. for 2 hours and was allowed to warm to 2j’ 
C. over 1 hour. The volutiks were then evaporated in vacua 
(at 25’ C.) to give yellow crystals (ca. S10 g) that were 
trirumkzd with CCI, (jO0 mL). wsrz filtered. and were 
washed with Ccl, (500 mL). Evaporation of the filtrates and 

r two repetitions of the CCI, purification process on the 
@trace residues removed most of the acetic acid. (Note: Thz 
presence of acetic acid in Ccl, greatly enhances the solu- 
biliy of the product ethyl N-nitrocarbamate.) The combined 
crystals were then triturated with Ccl, (500 mL). were 
filtsrcd, and were dried under high vacuum to give colorless 
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4 
crystal; of the product ethyl $-nitr~k’arl)am~~tc IS5J.O g, 
74%). nip 63’-66’ C. (lit. 6-l’ C.): iT: (KIlr) 32SO (s). 3020 
(m)nnd3010(m). l?jj(s). 1615(s). l-IbO(s). 1400(s). 1330 
(s). 1230 (s) 1000 (s) cm-‘. ‘H X\lR (90 XIIIz. CDCI,) 
610.70 (br. 111. esch D,Oj. 4.45 (;I. ZlI. J=-l.5 Hz). 1.40 (t. 
3fl. J---1.5 11~). 

Preparation of ethyl N-nitrocarbJm,lr< \rithout Ccl, 

Purikation Srcp 

Fuming nitric acid (jS3.9 g. S.3-I mol. 90%) \vns added 
dropwisz to rapidly stirred acetic anhydride (1575 mL. 14.26 
mol) at 0’ C. under Kz (The HSO, addition rate was 
controlled so as not to exceed a reaction tempsrature of 6” 
C.). After the acid addition \vas complete. the reaction 
solution \vas warmed to 25” C. (over 15 minutes) and was 
allowed to stir at 2j’ C. for 30 ntinutcs. The solution was 
thzn cooled to 0’ C. and solid ethyl carbunts (750 g. S.33 
mol. 99%) was added (in prtions) over 70 minutes. so as 
not to exceed a reaction temperature of 10’ C. After the ethyl 
carbamate addition ivas complete. the solution \vas allowed 
to stir at 0’ C. for 2 hours and was alloned to \varm to 25’ 
C. over 1 hour. The volatilzs were evaporated in vacua (at 
25’ C.J and ths residus was dried to give off-\vhite crystals 
(950.2 g. Sl%. mp 62’-63’ C.J. The IR and ‘H I\?IR spectra 
were essentially identical to the ethyl N-nitrocarbamatz 
produced in example 1. 

EXk0IPLE 3 

Preparation of ammonium ethyl li-nitrocarbamate 

Anhydrous NH,(g) was bubbled into a stirred solution of 
ethyl N-nitrocarbamate (503.0 g. 3.75 mol. mp 63O-66” C.). 
CH,CI, (1625 I&) and dry CH,OH (S25 mL). precooled to 
9” C. under Nz. untiI the exotherrnic reaction subsided (the 
NH, addition rate was controlled so as not to exceed a 
reaction temperature of 23’ C.). After the NH, addition was 
complete. the mixture was filtered and the collected solid 
was dried under high vacuum (overnight) to give ammonium 
ethyl N-nitrocarbamatz as colorless crystals (563.0 g. 99%). 
mp 175’-1765 C. IR (KBr) 3230 (s). 3000 (m). 1725 (s) and 
16S5 (s). 1445 and 1395 (5). 1310 (m). 1220 (s). 1100 (S). 
1030 (m) cm- ‘. ‘H WfR (90 MHz. d,-DMSO) 6 7.30 (bs, 
4H. exch DzO). 3.90 (q. 2H. Jd.5 Hz). 1.10 (t. 3H, J-A.5 
HZ). 

EXAXPLE J 

Preparation of ammonium dinitramide (ADN) 

Acooled (ca. 0) C.) solution of K-0, (S66.5 g. 1.19 mol. 
14.9% in CHzC13 was added via a Teflon cannula (under 
N2) over 40 minutes to a rapidly stirred suspension of 
ammonium ethyl N-nitrocarbamate (lot.0 g. 1.09 mol. mp 
17j3-176’ C.) in dry CH2Cl, (1640 mL) at -48’ C. under 
N2 (the N20s addition was controllzc! so as not to exceed a 
reaction tzmper3:urz of ,-3j? C.). After t+e N,O, solution 
addition was complete. brown fumes were noted over the 
reaction mkture and the reaction liquid had a YZUOW tinge. 
The reaction mixture was then alloned to w&arm to 0’ C. over 
30 minutes and was stirred at 0” C. for 3 hours. The mkture 
was cooled to 45” C. (under a N2 purge). and dry NH, (g) 
(5s g. 3.4 mol) was bubbled into thz rsaction mixture. The 
mixture was allowed to stir for 3 hours at 25’ C. while 
purging with N2 to remove excess KH,. and was then 
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filtexecL The lilta cake (conrsining ammonium dini-& ADN. More ADN is recoverable by additional acctonitie 
and ammonium niixak) wxs washed with C’H~CI, (150 exaactions. ?he Cn,CN mixxurq was Glterod and rbe filter 
mL.i-2x50 XL) and the residual solid was allowed to stit cak was ttiturakd with a4fitional CH,C!N (2x2 L). The 
Wirh CH$N (1000 mL) under Nx for 16 hours at 25” C. ta amber CH,CN Ntrxtts (contziin&gADN) wac cuncentxxted 
dissdve tie amm~nimn 4iaMmidc: The combiacd,C.H2Cla 5 via roxxry evapxdon (under Muecd pressure) at 25” C. to 
solution was evapuratcd and was dried to give a txn solid at. 3 L and purged with ammonia (for ~a. 1 min) to dk.ol~a 
(79.3 g. 82% rap 47.50°-50” c.: Ale chemical co. mp precipitated solids. The concentrate5 ADNEH,CN solution 
48.5”-50” C.). The CH,CN mixtuxe was f&red x114 the was then passed through silica gel (ca. 1 kg) which has been 
@tsr cake was washed with MonaI CHscN (2x100 treakd wiv1 ammoniated CH,CN. The silks gel was washed 
tnU50 ml,). The fdtercd xmmotdurn r&atc was dried under IO with xrnmoniated CHsCN (ox. 7 L) to ftmove trapped ADN- 
high VSNUXU to give a white solid (92.8 g. 97%). The amba The combined filrraxe was e+vaporatcd and the residual light 
CHjcN flltrares (mn~g ADN) wcrc concea&atc4 via tm solid was dissolved (wirh shghr warming to 27’ C.) in 
rotxry evaporation (under reduced pressure) at 25” C. to %0 reagent gtadc CH,OH (1.40 L) and C&cl, (19 L) was 
I-& This caused some ADN to precipitate aud this material ad&d via a cannula xo rhe rapidly stirred so~udon (IO ~QQIICC 
was mmved by filtration and was dried (under hi& IS ADN prccipiktio~~skhirarion), Al& the CH,Q, a&Ii- 
vacuum) to g&c-x light tan solid (14.8 g. mp $$=!I@ C!.) 
CHQx(2 L) was xddcd to the combincdfilnate (cx. 1 L) and 
ADN Wb prccipitate& Kluation and chyiug gave a &g&t. tan 
solid (97.5 g. 72%. mp R76-105” C.: total A,DN fradons 
isolated 112.6 g. 83%,mpX79-1050 C.).Thea~&sohdwxs 
dissoivd in ammoniakd CEL,Cf’J (500 mt) and then passed 
hmgh silica gd (a. 150 g) which was treated with 
ammonixtd cH,CX. The silia pi was then wxshcd with 
ammdakd Cl-l&W (2 L) to remove trapped ADN (until 
CH.&l, addition to &are Ba&ons no longer prctipitated 
ADN). Bvapration aad Qyiog of the light green filtrate 
gave ADN as an off-white solid (109.9 g. 81%. mp 
$9”-91.5” C). TLC (silica gd CH,CN’) show& a dark spot 
at X+0.80 (ADN) and a light spot at w.26 (xmmonium 
aitrocxrbxmate). The cxudc ADN (1096 g) was &solved 
(wixh s&&t warming to 33” C) in Ragent grsdc CEQOH 
(200 I&) and CH,aJ3 L) WN ad&d dropWiSc t0 the 
rapidly stirred CH,OH solution (to iaducc ADN 
pedpitation/ctys~tion). Fibatian of the rystallixed 
ADN and dxyiag gave white aystxls (1033 g. 7656, mp 
91”-92” C.). TLC (silica gel, cn,CN) showed one spot at 
R#L80. lR (KBr) 3150 (s), 1550 (s), 1440 (s), xud 14lO(,s). 
1215 (6) and 1180 (6). 1035 (m), 830 (6): 730 (s) cm-‘. H 
NhfR (90 MI& $-DMSO) 6 7.25 (s, exch D,O). 

Improved Prepxrafion of ADN (kg sale) 

A cooled (ta. 0’ C.) solution of N,Os (8187.2 g. 1129 
mol. 14.9% in CH,UJ was added via a Teflon cxnnulx 
QmdPr N> over 13 rnimltco to ar.+Uy seimd suspcpsion of 
xmmonium sdayl NJ-nitixmate (1550.9 g. 10.3 mol, mp 
175=176” C.) in dry CH,C& (10.3 L) at -51” C. undar Na 
(the N205 additiotr was centralled so as not to exceed a 
reaction kmpcranm of -35” C.). The readion mixmfe wzi 
wamd LO 0” C. over about 1 bout and was stirred at 0’ C. 
for a total 3.5 hours. The mkture was cooled to -45” C. 
(undcc a N, purge). and dry NH, g&s (385.6 g. 22.68 mol) 
was bubbled into tht reaction mixrurc at such a rate SO 89 not 
to ~~ceal a reaction xemperxturc of -34” C, (final pH of 
solution W&T ca 8). The mixhare was stiucd far 12 hours 
(r&m the NH, additicm was complek), during which be it 
was allowed to warm to 13” C., and was Wed, The fi)icr 
cake (coatair@ ADN an6 AN) was washed with C&cl, 
(2x1.5 L) xnd she f&red s&d wxs then allowed to stir tith 
c&CN (8 L) under N, for 16 hours at 25” C. to dissolve-out 

tion wis &pllctc. the mixture wL cooled to 0” 6. x&t was 
aUo~cd to stir far 18 hours at that turrpcraturc. F&ration of 
tbc aystallizcd ADN. fobwcd by uitmarion of the filkr 
exke with CHJ& (a. 4 L). and drying gave whit-c crystals 

20 (931 St. 73%. Inn 90”-930 C.). TLC (silica ael. CILCNI 
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&owe% one &cat l$=O.gO. ?‘he JR and ‘H &MR s&tra 
were identical ia xll essearial nspzcts m authentic ADN 
prqaaed pviously. 

Numerous QUIP. mdifklions and variations of the 
present invention xre possible in light of f.hc foregoing 
teachings. lx is thraeforc to be unck&oDd that witbin the 
scope of the appended claims the invention may be wxctiaed 
athcxwise than 8s spcxifidy dcsaibal. 

what is claimed is: 
1. Aprocess for producing ammonium dinitidr Eom- 

prisit@ The foIlowing step in trrdn: 
(1) aipadrrg a compound of the F Z-NH, to form 

a compound of the formula Z-NHNOs; 
(2) reacting the compound ii%NxNO~ with xmmonia 

undtr xnhydmus conditions to produce a salt of the 
formulx zSFTNoaTK+: 

(3) nimting xhe salt z-NNOaTi&+ and then traing 
the rcmtion mixture wixh amsnonlx to produce xmrn* 
aium dinitramide. xmmOnium n&ate. and regenerate 
rhe compcnmd Z-M&. xnd 

(4) isolariag the product ammonium din&xmidc; 
whcrcin 2 is -COOC!H,CI& clt -COOCH,- 

2. The pm~~s of claim 1 whcscin ZNH, is &#I 
cxrbxxmixe. CH$HaOOCL3EI,. 

3.Thep~ocess of claim 1 whereb Z--NJ& is mr;thyl 
FBrbxtllBFc, cw,ooc3m, 

4. The pro-=as of claim 1 whacin ammonium niear.c is 
isolatal as a product z&u skp (3). 

5. The process of claim 1 wtxzeitl the regenefxted 
Z--NH2 compound is recovend after step (3) for reuse ix 
tht prmcss. 

6. The process of step 1 Mm-tin s~ceyl nisdtc is used to 
nitlate the z?-N& ce is STq (1). 

7. ‘l’hcpromss of claim 1 wherein the tritiog agent used 
in srep (3) to niuxk the salt Z-NO,-Nw, is nitrogen 
pepxo.&le or nitmnium t&afluoroborxte. 

S. The process of &im 7 whc&n the nitrtig agent used 
in step (5) is niuogen pcntoxkk 

* In * * * 

TOTQL P.@ 


